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SUBJECT: The Effectiveness of Infrared Suppression Techniques in Reduc-
ing the Vulnerability of the F-4 Aircraft to the ATOLL Missile

Background

(S) The ATOLL is the most frequently observed heat-seeking air-to-
air missile in Communist-controlled c,.c.tries such as North Vietnam. It
is an accurate copy of the early Sidewinder, .nd dt.+a prIt44 its

accurate simulation are readily available. This report is the fourth in
a series describing countermeasures for the ATOLL.

Findings

(S) A reduction of the infrared (IR) radiation of the F-4 air-
craft can reduce ATOLL launch zones. However the only technique which
caused a significant reduction relied on a dispersive cloud of Ti02

particles to scatter the IR radiation.

R & D Implications

(s) Further studies of different scattering or absorption materials
and dispensing techniques are warranted because of their potential ef-
featbem for aircraft protection. Improved coolIn•g of engine parts
and tailpipe liners beyond that studied at this time may make signific-
ant reductions in ATOLL launch zones.

Recommended Action

(S) The development of materials and dispensing techniques for 1F
scattering or absorption should be pursued with a view to decreasing
the ATOLL launch zones. Concurrently, trade-off studies should be
undertaken to determine the costs of engine and tailpipe cooling versus
active IR countermeasures power requirements. The effects of each
technique upon engine and aircraft performance should be studied
thoroughly.

Clair M. Loughmiller
Tactical Panalysis Section
Airborne Radar Branch
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ABSTRACT (s)

Five IR suppression techniques were examined to determine their
effectiveness in reducing the vulnerability of the F-4 aircraft to the
ATOLL missile. Two of these teclnuiques, both using IR dispersive
clouds, significantly reduced ATOLL performr'nce. ATOIL launch zones
are given for three non-maneuvering ,ru-id four maneuvering tactical
'ýonditions.
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I. INTROIJCTION

(C) The ATOLL (AA-2), a Soviet copy of the Sidewinder missile,
poses a significant threat to U.S. aircraft. One way of reducing the
ATOLL threat is to reduce its launch zone by reducing the target air-
craft's IR radiation in the ATOLL sccker bandjpas. This reporu L a

study of the effectiveness of techniqueo for reducing the IR outpuat
of the F-4 aircraft at military power.

(S) Several problems must be considered when attempting to de-
creasethe vulnerability of an aircraft to a missile. At altitudes
below 15K feet the ATOLL is aerodynamicqlly limited while engaing an
F-4 on military power. In this case, to reduce the ATOLL launch zone
by reducing IR output of the aircraft, the IR output must first be
reduced to where the IR limit equals the aerodynamic limit. Further
reduction of IR output must now be made to reduce the ATOLL launch zone.
The effect of these further reductions will follow the inverse square
law, ire., a four-fold reduction of IR energy output is required to

reduce ATOLL range by a factor of two.

(U) A digital simulation of the ATOLL has been used to determine
the countermeasures effectiveness of IR reduction techniques developed
by General Electric (GE). The IR signatures estimated by GE are used
in the simulation. The results of many simulated trajectories are
combined to determine launch zones for the ATOLL for each IF signature
supplied by GE.

II. COMPUTER REPRESENTATION

(C) A four-degree-of-freedom model of the F-4 aircraft and a six-
degree-of-freedom model of the ATOLL have been constructed at the Naval
Research Laboratory (NRL). The thrust, drag, and lift characteristics
of the F-4 were included to assure realistic simulation of mnieuvers.

The IR signature of the F-4, atmospheric attenuation formuins. and A23LL
detector sensitivity measurements were used to develop the IR signul
model. ATOLL tracking error data were combined with a Sidewinder LA
tracking model for the mdssile guidance characteristics. Sidewinder
LA gas servo performance data are included in the guidance nd auto-
pilot model.. Tables of' acrodynamA.c moments., along with norml ,nd
.axial forces, Cor the A IUOL are used in the computer program to ,alcul-
ate the m.ssile response. Data used in the development of the ,dissile.
model were supplied by Naval Weapon Center (!wC), China Lake. A :'ull
description of the missile model and the F-4 aerodyrnaidc model Is
f'ound in (i)
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III. IR SUPPRESSION MODEL5

A. Suppression Techniques

(3) Ge•iercal Electric (Evendale, Ohio) has made theoretical studies
and ground measurements of possible I? suppression retrofits to the J-79-
10 and J-79-17 engines used in the F-4. The effects of centerbody

cooling, tailpipe cooling, and fuel and oil cloud generation on the IR

signal of the J79 are described in (2). Subsequent to ( ]L), G suwgested
that a titanium dioxide (Ti0 2 ) cloud would be hl !hy eff:ctive in re -

drmbg the J79 IR emissions. Also subsequent to (2), CE revised their

estimate of practical component cooling from 1200 0 B to 14OO03P, nd

revised the IR data accordingly. Thpse revised IR signature estimates,
as well as an estimate of the signature through a TiO2 cloud, were used
in this study.

(S) Five suppression techniques were selected for comparison with
the standard (unmodified) engine. The models used in this study are

1) the unsupprcoecd J79, 2) a "7808" oil cloud, 3) oenturbody and tail-
pipe cooled to 1400°R1 4) tail-pipe only cooled to 1400"R, 5) center-
body only cooled to 1 6 00 °R, and 6) centerbody and tailripe cooled to
1400°R plus a titanium dioxide cloud. Model 1 was chosen as a reference
for each of the techniques. Model 2 was chosen because it represents
a minimum of modification, development, and weight penalty. Models 3,
4, and 5 are covert techniques. Model 6 represents the best techunique
for IR suppression used in this study.

B. Computer Model

(S) The IR signatures used in the computer model are gCiven in
Table 1. Since the data supplied by GE, (2), were for only one J79
engine, it was assumed that the total F-4 emission would be twice that
for a single engine. Thus the data in Table 1 are twice the values of
IR radiant intensity given by GE. Since GE calcul:ations are :or the
total radiant intensity in the 1.7 to 2.95 micron baid, it is rczza:ý.-

to reduce these vnlues during the simnulation to account for the A!L-L's
spectral response in this band. Calculations show that the AIkXL ..e,2es
65% of the total energy of a blackbody in the 1.7 to 2.95 nmcron ban>I
at normal J79 tailpipe temperature. ThLe 35% signal loss "as applied tc
the F-4 signatures of Table 1.

(U) Atmospheric attenuation of the signal is also based on no-ma!
tailpipe temperature blackbody spectral characteristics. The band nass
of the ATOLL seeker is broken into 0.1 micron intervals. Tis enables
a more accurnte cal.cu.lation oC how tailpipe cncrrgy In the TI3 :-poctrnir.
i.; atte nu.Ill.tLed a:ý 11. tion of ra ,,e. T-he c ]•'ula ... . b: .s',

a blckbod~ly ,i. '.5O), wore l•2r'oruityd nt :;evcrnl rangkes and altitudcs.

The lc,;:s dec 1 lý s is L ven [in bT.1)le : . The a::stumti(o1n of nolaiiil
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tailpipe terrperature spectral response was imadt necessary because the
spectral Characterictic , of the vuirious suppression techniques. were riot
available. No tailpipe: shielding efftects were used. in this study.

TV. MIDMI IIERRMRMICE

A. Non-Maneuvering F-4

(C) The non-mineuvering launch unvulopes for the ATOLL engaging
an F-4 aircr'aft with 3 altitude-speed comibinations are given on Figures
1, 3, and C. There are no arbitrauy restrictions on the envelope.
ThaLt is, iJ' :t r[Ltssile is launched within the enveli)Vu2, it will cone
withLn ý:5 i'et of the center of m:;ss of thc 1-h. In VLrticul:.-r, no
criterion is used to judge whether or not the eijenV piloi 'and tell if
the ATOLL is capable of tracking the !-4. Under c,=rt.in conditions tno
initial sigrnal-to-noi3e ratio of less than 2 is sufficient for the AMLO
to guide successfully. There is sock. question whether the nilot can
detect suclL signal against typical background noise. Thus the overal1
system effectiveness envelopes may be significantly 11cr tii-n the
missile envelope presented here.

(S) The envelopes on Figure 1 show that at 5K feet altitude the
ATOLL is essentially aerodynamically limited. Thus, only -.t l,-Lrge
tangles off the 1,'-4 tail (where the ATOLL is normally IF uneri.z liriited)
are there significant differences shown for the various suppression
technilques. Thie situation is much the sah a-t 15 K feet .litudj(.
except that the oil drop cloud has a rarti.a! efýfetvcnes-. ;,t low
altitudes only the Tie 2 cloud significantly reduces A?2J1 lturch
envelopes. The reductions of the launch zone a•rea due tý tht. TIC,
cloud aus shown on Figures 1 and 3 tre about 5 and... ...

(S.2F) At 30K feet, as shown on Figu-e 6, the oil drori cdoud is
fairly effective and the TiO0 cloud is very effective. The .' ... ne.t
cooling techniques were not sifgnificalitlr cffcctive in the non-c:neu.-
ering target situations. Th1us the moderate r-'Ciini,. . uci, in ah
models used in this study does not provide a useful c,'iert I',
technique. However, such cooling may be useful in conJtu~ctn with
pulsed jmmrners, since it permits lower power R t.rans.. -'he.
TM2 cloud is- very effective if it cani bc generated before tIe A.0T.L
Ls launched.. This implies either a technique to war-rn the -2 when a.n
AfJ?)1, attack Is 1irudnient, or a continuous generation of tie t loud.
The- ,lIoniu i:1 ]ikeh]y to be highly visible in dayligt -tiu In

IunUl taCble !r us except when the F-J is Unrder AO7,L nttcc .

[ . Mnneuvw,- r In -)I.

) Ac; h•3.own _i Fig.ures U, ), 5 and 7, the A•O•LT] unch :cnec
r.',e r, c�lb•.t r.,n It'lon-n-l-t'y by rmneuver; .f the F --. ',.wxcer, , l-. hic,

jTýO I"I I II " ' ,- 1c' uc u ; t-1lw e ', the cicu: e ,r h .- -

Best Available Copy 3
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ATOLL launch envelopes under all conditions studied. The oil cloud
is effective at 30K feet altitude but relatively ineffective at lower
altitudes. The use of TiO2 in air combat maneuvering situations may be
valuable. Although the cloud trail would be useful to the enemy for
acquisition and tracking, it is possible that he might not be able to
press a successful attack into the more restricted launch zones.

V. CONCLUSIONS

1. (S) The component-cooling models which were studied are inef-
fective ATOLL countermeasures.

2. (S) A cloud of TiO2 particles has significant countermeasure
potential.

VI. RECONME-NDATIONS

1. (C) Studies or tests to determine the minimum signal that may
be detected by the pilot of the ATOLL aircraft should be initiated.

2. (S) Instruwented flight tests to determine the IR suppression
characteristics of Ti02 (or similar) clouds should be initiated.

3. (SNF) Detailed studies to determine the usefulness of com-
ponent cooling in conjunction with pulsed IR jamlers ishould be initiated.

==*
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TABLE 1 (S)

F-h Infrared Radiant Intensity (twice J79 Intensity)
in 1.7-2.95 Micron Band (watts/steradians)

Angle off IR Model Number
Altitude engine axis 3 2 5 4 5 6

deg.

0 594 4h 148 59) 4, 8 1

5 820 54 6 98 818 90o 22

10 876 58 805 8)45 859

5K ft 25 494 1.52 292 e92 194 45

45 90 130 90 90 90 (5

60 40 40 4O 40 140 20

9o 20 .54 20 20 20 1/

0 642 148 474 612 47( 18

5 876 58 753 874 755 2L

10 950 60 857 902 871 28

15K ft 25 516 158 506 506 516 47

45 56 13o 56 56 56 65

60 44 Io 44 4 41 0

90 20 54 20 20 20 17

0 526 4o 585 526 585 15

5 724 48 604 7(25 65 ,

10 772 50 71r 7147 7L2 2L

30K ft 25 412 126 245 245 41.1

45 42 15.0 42 42 h2 (-5

60 32 40 52 52 2 0

90 20 514 20 20 j 0 17

SEC-P ET' NOFORN
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Table 2 (U)

Blackbody (--850 0K) IR Atmospheric Attenuation
in the ATOLL Bandpass (decibels)

Altitude Range (ft)

(K ft)
1,000 3,000 6,000 12,000 24,000

0 2.33 3.66 4.15 4.51 4.91

10 1.70. 2.45 2.95 3.51 3.99

20 0.89 1.32 1.70 2.22 2.69

30 0.35 0.65 0.90 1.05 1.41

40 0.14 0.28 0.42 0.57 0.73

50 0.01 o.14 0.21 0.28 o.42

6o 0.00 0.01 0.07 0.21 0.28

70 0.00 j0.00 0.01 0.07 0.14

7 SECREET



SECRET 
.I/

""A ILL

24o /uU
/2 9I 

f

I9 /

E- NO/

6w, Q /

50" 0

A 1-A

0 I.4F i ? ( i 1 2 0 '
409)

8 SECHE-

310"347 "O" 2

hill~~ ~ ~ /T1111 I



IWI
'V) N *

1: -' + ~ (
1--i P4 '.

260" 00 W4H oo

240V L-4'-
200 94E z S

260'-

4J 12 ~

,lit

3200
4W0

9~ SECRET

3.10, 30,23 0

30, :441



SECR~ET

220 \ '-16

2)0 /13W

24 2

250' 116-0

260'

2 '(

21V)

,o0 7W0

310i

01 , + / 50,

500, 310'

ANP N 14

1340
320 IIi40 I II i I! I I I I I I Ij



K'SECRETK//I

1,111 C'c ' /H/o

'VA f .4. w - ~,

F 4 / E-4u

_____/ H \ \ \.SECRET



IOU
SECRETI

22W

141, x,/ //

4 /Y

I lo

00 0

NU /
o o /7 . ....

28o 0~

X'~

M4~ "NU~

2Ou' I ' - - -
In-J a

(DI 44

430'
F-114-

J41)r

SER0

I') j,) -J...340'



SECRET. I/

4 -"

7V)

I Io
.. / !'** / <

240 / Iof4
26(l 77 j - 3

I pi lit\ V.-d

2703 / p./I
90N/ , H 33

/ f,.i1

2011/

P4 W

-, ,

.24 7

3111/



SECRET 7'~ F,
220 "'U"22

240' ci X .- C
12o, / 240'

P 4

250"

26200'

10011

* .--. ,--.-- - / b2V 0-

AI7 I 7I



SECRET - NOFORN
S'culril v C hA S %I ':'Lric ata

DOCUMENT CONTROL. DATA- R & D
"S" urity , f- 'a.ticaor, ,,t itlWk, bu-y t,fstr,t 1t , it,! ,r ix ' trýoT.,rl n"tt.t be erre,&d eher the uwetaf/ rrpIrI , 1- sibfed)

I ORIGINA 1`1iC AC TiVI rY f(1,"rpo*rdfe a•tihur) Za. PEF'ORT SECUFI41T Y CLA A Sl ICý1104

Naval Research Laboratory Secret - Noforn
Washington, D.C. 20390 2h Go0U

3

A 'E EFFECTIVENESS OF INFRARED SUPPRESSION TECHNIQUES IN REDUCING THE
VULNERABILITY OF THE 1-4 AIRCR•FT TO THE ATOLL 1\ISSILE •Th.

Lr4 1•S iP TI VE NO)TES (Typeofrp t niICiu eIh.T),(

A Final report on this phase of the problem. i -1 . ( mr/,_7 F
% rHORIS) (First n -me, mi'fdle n 1.1 ial, fast rlum,,)

-') /Toothman, R./Liste Ir .;MC Loughmil1er

6REPORT OATE 7a. TOTAL4jO.Oý PAGES Tb, NO OrF ia-5

44-j)DUJRAC rOR GRN.J-N.- 9. 0-1en~6 . EPoPT NUTFIRFPIS;

N .NL D 1-03
-ma.6_-'uu10. NRL Memorandum Report 2360

this report)

d.

10. DISTRIIBUTION STATEMENT

Distribution limited to U.S. Government Agencies only; test and evaluation, November
1971. Other requests for this document must be referred to the Director, Naval Research
Laboratory, Washington, D.C. 20390.

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITAPY ACTIVITY

Special Handling Required Naval Air Systems Command
Not Releasable to Foreign Nationals Department of the Navy

Washington, D.C.
13 ABtSTRACT

• (Secret)

Five IR suppression techniques were examined to determine their effectiveness in
reducing the vulncraoility of the F-4 aircraft to the ATOLL missile. Two of these
techniques, both using MR dispersive clouds, significantly reduced ATOLL performance.
ATOLL launch zones arc given for three non-maneuvering and four maneuvering
tactical conditions.

DO D , 1473 17 SECRET-NOFORN



SECRET - NOFORN
Security Classification

14 LINK A LINK 8 LINK C
KEY WORDS

ROLE WT ROLE WT ROLE WT

Infrared suppression techniques

Vulnerability of F-4 aircraft to ATOLL missile

IR dispersive clouds

DD I NOW.1473 18 SECRET-NOFORN
F , fr,(, 2)1 Security ClaS .sifiCpti~n



Naval Research Laboratory
Technical Library

Research Reports Section

DATE: August 22, 2002

FROM: Mary Templeman, Code 5227

TO: Code 5300 Paul Hughes

CC: Tina Smallwood, Code 1221. / 0 i,

SUBJ: Review of NRL Reports

Dear Sir/Madam:

,/ / /

Please review NRL Memo Reports 2139,2150,2170,2297,2360,2425,2426 and 2429 for:

~Possible Distribution Statement

Possible Change in Classification

TI nk you,

Mary Temple n
(202)767-3425
marytqD4library.nrl. navy.miI

The subect report can ue:

SChanged to Distribution A (Unlimited)

Changed to Classification

EL Other:

Signature Date



Page: 1 Document Name: untitled

-- 1 OF 1
-- 1 - AD NUMBER: 518306
-- 2- FIELDS AND GROUPS: 17/4.4,17/5.1, 15/3.1, 17/7.3
-- 3- ENTRY CLASSIFICATION: UNCLASSIFIED
-- 5- CORPORATE AUTHOR: NAVAL RESEARCH LAB WASHINGTON D C
-- 6- UNCLASSIFIED TITLE: THE EFFECTIVENESS OF INFRARED SUPPRESSION
-- TECHNIQUES IN REDUCING THE VULNERABILITY OF THE F-4 AIRCRAFT TO THE
-- ATOLL MISSILE.
-- 8- TITLE CLASSIFICATION: UNCLASSIFIED
-- 9 - D .SCRIPTIVE NOTE: FINAL REPT.,
--10 - PERSONAL AUTHORS: TOOTHMAN,H. ;LISTER,R. ;LOUGHMILLER,C.;
--11- REPORT DATE: NOV 1971
--12 - PAGINATION: 22P MEDIA COST: $ 7.00 PRICE CODE: AA
--14- REPORT NUMBER: NRL-MR-2360
--16 - PROJECT NUMBER: NRL-53D01-03, A05-510-112/652-1/W16-140-02
--20- REPORT CLASSIFICATION: CONFIDENTIAL
--22 - LIMITATIONS (ALPHA): DISTRIBUTION LIMITED TO U.S. GOV'T.
-- AGENCIES ONLY; TEST AND EVALUATION; NOV 71. OTHER REQUESTS FOR
-- THIS DOCUMENT MUST BE REFERRED TO DIRECTOR, NAVAL RESEARCH LAB.,
-- WASHINGTON, D. C. 20390.
--23- DESCRIPTORS: (*INFRARED RADIATION, REDUCTION), (*GUIDED
-- MISSILE COUNTERMEASURES, HEAT HOMING), (*AIRCRAFT DEFENSE SYSTEMS,
-- GUIDED MISSILE COUNTERMEASURES), JET FIGHTERS, THREAT EVALUATION,

-- USSR, AIR TO AIR MISSILES, GUIDED MISSILE SIMULATORS, COMPUTER
-- PROGRAMS, VULNERABILITY
--24- DESCRIPTOR CLASSIFICATION: UNCLASSIFIED
--29 - INITIAL INVENTORY: 2
--32 - REGRADE CATEGORY: C
--33- LIMITATION CODES: 3
--34- SOURCE SERIES: F
--35 - SOURCE CODE: 251950
--36 - ITEM LOCATION: DTIC
--38- DECLASSIFICATION DATE: OADR
--40 - GEOPOLITICAL CODE: 1100
--41 - TYPE CODE: N
--43 - IAC DOCUMENT TYPE:
--49 - AUTHORITY FOR CHANGE: S TO C GP-3

APPROVED FOR PUBLIC
RELEASE - DISTRIBUTION

UNLIMITED

Date: 9/4/03 Time: 9:20:48AM


